This study investigated fluoride intake from fluids consumed by children 0 to 2 years of age residing in urban and rural areas in Lebanon. An area sample of 150 families with children was selected from Beirut and three villages in the Shouf Area in Mount Lebanon (70 and 80 families, respectively). Food diaries for two weekdays and one weekend day were obtained for children aged 0 to 2 years in urban and rural areas (76 and 85 children, respectively), and their fluoride intake from fluids was assessed. Children were given tea, anise, mint, and mixed herbal teas for various reasons, such as their medicinal, warming, and calming effects. They were also given orange flower water, orange juice, and rice water. In urban areas, the fluoride intakes from fluids, expressed as percentages of the estimated safe and adequate (ESA) intake of fluoride, were 48.5% among children 0 to 6 months old, 110.5% among those 7 to 12 months old, 21.9% among those 13 to 18 months old, and 43.5% among those 19 to 24 months old. In rural areas, the ESA fluoride intake from teas was 180. 9%, 115.9%, 102.0%, and 71.5% for children aged 0 to 6 months, 7 to 12 months, 13 to 18 months, and 19 to 24 months, respectively. In view of the substantial level of intake of fluoride from nonmilk fluids among children in this study, decisions regarding water fluoridation in Lebanon should consider these results.
Introduction
There is a growing concern regarding the issue of the proposed policy of water fluoridation in Lebanon.
Fluoride, an essential nutrient, is effective in maintaining resistant tooth enamel, because the intake of fluoride in infancy overlaps with the period when the enamel of the permanent teeth is mineralized [1] . A dramatic decline in the prevalence of dental caries in children in developed countries was noted with the advent of fluoridation of public water sources [2] . However, a higher prevalence of mild dental fluorosis has been observed in developed countries, because of the widespread ingestion of fluoride from a variety of sources other than water [3, 4] . These sources include fluoride intake from diet, dentifrices, fluoride supplements, fluoride mouth rinses, and gels, as well as from fluoridated water supplies. The fluoride content of drinking water in Lebanon ranges from 0.03 to 1.83 mg/L [5] . These levels constitute the basic consideration in the decision to fluoridate public water supplies, despite the fact that other dietary sources of fluoride exist among Lebanese children and are of the utmost importance. Because nutritional surveys of dietary fluoride intake of children are lacking, this study investigated fluoride intake from fluids consumed by children 0 to 2 years of age and identified the main sources of this mineral. The results of this study may be used by decision makers in Lebanon regarding the issue of fluoridation of the country's public water resources.
Methods
Administrative Beirut was selected as the urban area, and the Shouf region in Mount Lebanon was selected as the rural area. From a list of families available at the offices of the Population Laboratory Survey in Beirut [6] , 70 urban families with children under two years of age (76 children) were randomly selected. A list of rural families in three villages in the Shouf area in Mount Lebanon was obtained from their respective mayors, and a random sample of families with children younger than two years was selected for inclusion in the study (80 families and 85 children).
Demographic data and fluid intakes of children were obtained by interview. Fluid intake included the type and amount of milk given to the children (breastmilk, cows' milk, and milk formula), the type and amount of herbal teas, and water (public water sources or bottled), in addition to other fluids given. Methods of preparation of herbal teas were also obtained. Information was also elicited on vitamin and mineral supplements, fluoride supplements, and mouth rinses given to the children. Questions about oral hygiene practices and types of dentifrice used by the study children were also asked. The type and quantity of infants' fluid intakes were assessed by food-intake diaries, which were designed as part of another research project [7] . Measuring utensils (graduated cups and spoons) were given to the mothers in an effort to standardize intake assessment. Food-intake diaries were completed by the study mothers for two weekdays and one weekend day, and the diaries were collected daily after reviewing their content with the mothers. Fluid-intake diaries were available for 148 infants (for a response rate of 92%).
Samples of potable water from sources used by the communities were collected, and herbal teas and rice water were prepared according to the methods reported by the families. These methods were the basis for the determination of the fluoride content in various types of herbal tea infusions and decoctions, according to soaking and boiling time, as reported elsewhere [8] . Fluoride determinations were assessed after preliminary distillation by using an ion-selective meter electrode (Model 407A, Orion Research) with a combination of selective electrodes. Standard fluoride solutions and total ionic strength adjustment buffers (TISAB II) were prepared according to the Standard Methods for the Examination of Water and Waste Water [9] .
Results
The majority of the younger children in this study were breastfed (86.7% in urban areas and 85.9% in rural areas). The mean age at weaning was 7.9 ± 4.7 (SD) months in urban areas and 6.6 ± 5.6 months in rural areas. Milk other than breastmilk was prepared from powdered milk, and none of the powdered milk brands used by the study families was supplemented with fluorine. All of the families used public water sources, except for two families (2.8%) in the rural areas who used bottled water. The fluoride level in the water was 0.09 mg/L in Beirut and ranged from 0.14 to 0.16 mg/L in the three rural villages. None of the vitamin and mineral supplements given to the children contained any fluoride, and no fluoride supplements were given to the children. Furthermore, all the study families reported that they did not brush their children's teeth until after their permanent teeth erupted. Thus, the main dietary fluoride intake of the children was from breastmilk, water used in the preparation of bottled milk, drinking water, herbal teas, and other fluids (orange flower water, rice water, and freshly squeezed orange juice).
Herbal teas were widely used by families in the surveyed areas (100.0% of urban families and 89.4% of rural families), and more rural than urban families gave their children herbal teas (83.1% vs 57.1%) (table 1). Urban families preferred to give tea to their children (60.0%), whereas the majority of rural families gave their children tea, anise, or mixed herbs (47.9%, 43.7%, and 33.8%, respectively) (table 2). The reported reasons for giving herbal teas also varied between rural and urban families. Urban families reported that they gave their children tea out of habit, and that they gave them mixed herbs for colds, anise for stomachaches, and mint for stomachaches and colds. Rural families routinely gave their children tea as a nutritional supplement and for diarrhea. Mixed herbs, anise, and mint were given as remedies for stomachaches, constipation, colds, and, in a few instances, as food supplements and to warm the children (table 3) . The study families also reported giving their children rose water for colic and rice water for diarrhea.
The results of the three-day fluid intake diaries showed that urban families gave only water to very young infants (0-6 months), whereas for other age groups, tea was the only fluid given in addition to water. However, in rural households, anise, mixed herbs, tea decoctions, and rice water were given to infants. Rural families gave older children (13-18 months and 19-24 months) orange juice, herbal teas, and rice water (table 4). The daily fluoride intake from fluids, expressed as a percentage of the estimated safe and adequate (ESA) intake [10] , is presented in table 5. This fluoride intake was adequate for all the rural children studied and for urban children aged 7 to 12 years. Rural infants aged 0 to 6 months had higher fluoride intakes than urban infants (180.9% vs 48.5% of ESA). Similar fluoride levels were noted in the rural (115.9% of ESA) and urban (110.5% of ESA) children aged 7 to 12 months. This was due mainly to intake of tea and water in urban children and to intake of other fluids in rural children. Higher fluoride intakes were noted in rural than in urban children aged 13 to 18 months (102.0% vs 21.9% of ESA) and 19 to 24 months (71.5% vs 43.5% of ESA).
Discussion
In the wake of concerns regarding fluoridation of water in Lebanon, this study assessed fluoride intake from fluids in children under two years old, the critical period for the calcification of the crowns of the permanent teeth. A random sample of urban and rural children was selected, and their fluid intake was assessed prospectively.
The results of this study pointed to three main findings.
First, the families relied on public water supplies for their drinking water and did not give fluoride supplements or dentifrices to their children. Most of the children were breastfed during the first seven months of life. Researchers have noted that the fluoride concentrations in breastmilk remain stable until the fluoride concentration in the water exceeds 1.4 ppm [11] . The fluoride level of the water in Beirut was 0.09 mg/L, and the levels ranged from 0.14 to 0.16 mg/L in the three rural villages. This implies that the amount of fluoride transferred to the younger children from breastmilk was low. These fluoride levels should not dramatically change the mean estimates of dietary intake of fluoride presented in this study. On the other hand, the fluoride content of bottled milk is greatly affected by the brand of powdered milk used and the fluoride content of water used in its preparation. However, no fluoride was found in the milk powder used by the study families. This study also took account of the amount of water used in the preparation of milk formulas for children. The second main finding was the difference between rural and urban families in the quantity and type of fluids given to their children. Rural families gave more herbal teas, rice water, and orange flower water to their children than urban families, who restricted their children's fluid intake to tea infusions and water. Rural families have more limited resources and hence rely more on home remedies for the alleviation of specific child ailments. They administered herbal teas for their soothing and warming effect, rice water to control diarrhea, orange flower water to control colic, tea infusions to soothe and to supplement food. These findings are similar to those of earlier studies in Lebanon regarding the reliance of poorer rural families on home remedies for the care of children [12] .
The third main finding was that adequate levels of fluoride intake were noted, ranging from 71.5% to 180.9% of the ESA for rural children in all age groups and 21.9% to 110.5% of the ESA for urban children in all age groups. This is an expected finding, because rural children are given more herbal teas, which have been found to be a rich source of fluoride [8] .
Our findings indicate that dietary fluids provide a substantial proportion of the recommended safe and adequate intake of fluoride for younger children in Lebanon, and that this proportion is significantly higher in rural than urban children. In view of the rising rates of mild fluorosis in countries with fluoridated water supplies, and in the presence of other sources of fluoride exposure available to children, the findings of this study are particularly important with regard to decisions on fluoridation of water sources in Lebanon.
